In a series of 450 patients over 70 years of age with displaced fractures of the femoral neck sustained between 1995 and 1997 treatment was randomised either to internal fixation or replacement. Depending on age and level of activity the latter was either a total hip replacement or a hemiarthroplasty. Patients who were confused or bed-ridden were excluded, as were those with rheumatoid arthritis. At ten years there were 99 failures (45.6%) after internal fixation compared with 17 (8.8%) after replacement. The rate of mortality was high at 75% at ten years, and was the same in both groups at all times. Patient-reported pain and function were similar in both groups at five and ten years. Those with successfully healed fractures had more hip pain and reduction of mobility at four months compared with patients with an uncomplicated replacement, and they never attained a better outcome than the latter patients regarding pain or function.
In a series of 450 patients over 70 years of age with displaced fractures of the femoral neck sustained between 1995 and 1997 treatment was randomised either to internal fixation or replacement. Depending on age and level of activity the latter was either a total hip replacement or a hemiarthroplasty. Patients who were confused or bed-ridden were excluded, as were those with rheumatoid arthritis. At ten years there were 99 failures (45.6%) after internal fixation compared with 17 (8.8%) after replacement. The rate of mortality was high at 75% at ten years, and was the same in both groups at all times. Patient-reported pain and function were similar in both groups at five and ten years. Those with successfully healed fractures had more hip pain and reduction of mobility at four months compared with patients with an uncomplicated replacement, and they never attained a better outcome than the latter patients regarding pain or function.
Primary replacement gave reliable long-term results in patients with a displaced fracture of the femoral neck.
A number of randomised trials during the last decade, which have investigated the treatment of displaced fractures of the femoral neck, have shown advantages for replacement over internal fixation as regards major complications and patient-reported outcome measures. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Additionally, comparative cost analyses have shown that replacement has equal or better cost-effectiveness than internal fixation after fracture of the hip. [15] [16] [17] Despite this, preservation of the femoral head is commonly considered to be an advantage. Because of the high prevalence of osteoporosis, periprosthetic fracture in particular and aseptic loosening have been assumed to occur at an increased rate in patients treated by replacement.
Our primary aim was to compare patients with displaced fractures of the femoral neck treated by internal fixation with those treated by replacement as regards long-term failure and patient-reported outcome. Secondly, we performed a subgroup analysis comparing patients treated successfully by internal fixation and successfully by replacement in terms of patient-reported outcome.
Our hypothesis was that replacement overall is superior to internal fixation up to ten years after the time of fracture with regard to both failure and to patient-reported outcome. A second hypothesis was that patients treated by replacement and without major postoperative complications, have better results than those treated by internal fixation in terms of patient-reported outcome during the same period of follow-up if the fracture healed without major complications. The results from this study at two years were published in 2002 by Rogmark et al.
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Patients and Methods
Our prospective, randomised multicentre study included 450 patients aged 70 years and over with fractures of the femoral neck of grade 3 or grade 4 according to Garden 18 and treated between 1995 and 1997. In all, 12 Swedish hospitals participated in the study (Halmstad, Helsingborg, Karlshamn, Karlskrona, Kristianstad-Hässlehom, Landskrona, Ljungby, Lund, Malmö, Trelleborg, Ystad and Ängelholm). We excluded patients with rheumatoid arthritis or mental impairment, those who were bed-ridden or institutionalised at admission and those with fractures older than two days. The patients had been randomised to undergo either internal fixation or replacement by means of sealed, numbered opaque envelopes. The study was approved by the Ethics Committee at Lund University and all patients gave informed consent. In all, 41 patients had been excluded after randomisation for various reasons described previously. 14 This resulted in 217 patients in the internal fixation group and 192 in the replacement group (Table I) . The patients in the replacement group received a total hip replacement (THR) or hemiarthroplasty according to their 'Sernbo score', 14 which reflects age, walking ability, home situation and mental status (Table II) . Thus, 103 patients had a THR and 89 a hemiarthroplasty. The participating hospitals used the same types of implant and surgical approach as in their routine clinical work (Table III) . All the participating surgeons were experienced with the method of internal fixation which was the standard treatment for femoral neck fractures at the time of the study as well as in hip replacement.
Post-operatively, all the patients were encouraged to bear weight early and physiotherapy was provided by the public medical service after discharge.
For the patients with internal fixation failure was defined as nonunion, including early failure of the fixation, avascular necrosis or deep infection. Neither local irritation at the pin ends nor extraction of the pin when the fracture was healed was classified as a failure. In the replacement group failure was defined as the occurrence of two or more dislocations, periprosthetic fracture, aseptic loosening or deep infection.
Of the patients, 324 were women (Table IV) . In the internal fixation group there were 170 (78.3%) women and in the replacement group 154 (80.2%). The mean age at inclusion was 81.5 years (70 to 95) in the internal fixation group and 81.6 years (70 to 95) in the replacement group. The mean follow-up for surviving patients was 124 months (105 to 144) and 123 months (107 to 139) respectively. There was no difference in long-term mortality between the treatment groups or between men and women, despite the previously recognised early increase of death in men (Table IV). 14 The patients were initially followed up at four, 12 and 24 months after operation by clinical and radiological examination, and these results have been reported earlier.
14 Subsequent follow-up was scheduled at five and ten years. At five years after operation, review was made by a standardised questionnaire sent by post, which assessed social and medical factors as well as walking ability. When required, the questionnaire was supplemented by a telephone interview. * the patient died pre-operatively. Randomised, but unclear to which group † 4 patients with radiological examination At ten years the patients were scheduled for a clinical and radiological examination, in addition to completion of the questionnaire. However, a number were unable to attend, mainly because of advanced age and poor health. Consequently, we were forced to revise our follow-up plan; 53 of the 96 surviving patients underwent both clinical and radiological examination and 12 returned the standardised questionnaire and completed a radiological examination. In addition, four underwent radiological study only. In all, a total of 69 patients (72%) was examined radiologically (Table I) . Of the remaining only four were unavailable for follow-up at ten years and consequently, 92 of the 96 surviving patients provided some information on their outcome. For patients reporting any hip problem in either the five or the ten-year questionnaires, their medical records were retrieved and reviewed. Because of the individual and unique ten-digit identification-number given to all Swedish citizens (Swedish PNR number), and the public-health care system, all contacts with the orthopaedic departments were traceable. Any patient who died before the study was completed was included in the results with their last recorded status. Our study was carried out in accordance with intentionto-treat principles. Consequently, patients who were randomised to the internal fixation group were defined as fixation patients throughout the study even if they later received replacement as a secondary procedure. Statistical analysis. The statistical analyses comprised Kaplan-Meier survival analysis with the 95% confidence interval (CI) and we used the log-rank test, the chi-squared test and Cox regression analysis for risk factors including gender, age, the time to surgery, the surgical approach, smoking, osteoporosis, type of trauma and pre-operative function. The results were presented as the mean and SD. The calculations were made using Statisa version 7.1 software (StatSoft Inc., Tulsa, Oklahoma) and SPS version 15.0 software (SPSS Inc., Chicago, Illinois). A p-value ≤ 0.05 was considered to be significant for the survival analysis and the Cox regression. With regard to the aspect of repeated measures the limit for significance for mortality and patient-reported outcome was defined as p < 0.01.
Results
Failure. The ten-year results showed a significant difference between the groups with an overall total of 99 failures (45.6%) in the internal fixation group and 17 (8.8%) in the replacement group (chi-squared test, p < 0.001). The survival analysis of the implant is given in Figure 1 .
A total of 91 patients from the internal fixation group had undergone a salvage replacement. The most common reasons for this were nonunion and avascular necrosis, and in five patients re-operation was required for non-specific pain of sufficient severity to warrant conversion to a replacement. Of the 99 failures in the internal fixation group only four had occurred between two and ten years. Three of these were due to avascular necrosis which had been treated by arthroplasty at three to four years after the fracture. One patient was offered THR five years after operation because of nonspecific severe pain but declined (Tables V and VI) . In the replacement group five of the 17 failures had occurred between two and ten years. The most common reason was recurrent dislocation. All late replacement failures occurred in patients with THR. In two this was due to aseptic loosening and they underwent revision THR at three and 3.5 years after the initial fracture. One had aseptic loosening and a simultaneous periprosthetic fracture eight years after the initial fracture, but no surgery was performed. Two patients had recurrent dislocation at six and nine years, respectively, and were treated by closed reduction. In all, failure had occurred in ten of the 103 THRs (9.7%) and seven of the 89 hemiarthroplasties (7.9%) at ten years (Tables V and VI) .
We did not intend to compare the effect of different implants, but since notable differences occurred data are presented in Table VII . The rate of failure within the replacement group ranged between 1.9% and 23.5%, when the implants used in less than ten cases were excluded. The ScanHip THR (Biomet Ltd, Bridgend, Wales, United Kingdom) and the Austin-Moore hemiarthroplasty had the highest rate of failure. Dislocation. In addition to the ten cases (5.2%) of recurrent dislocations in the replacement group involving six THRs and four hemiarthroplasties, seven patients (6 THRs and 1 hemiarthroplasty) had only one dislocation resulting in a total rate of dislocation of 8.9%. All single dislocations occurred early. Revision surgery. In the internal fixation group five of the 91 patients who had salvage replacements also underwent subsequent revision surgery. Two THRs were revised early in the study and one at between two and ten years. Two hemiarthroplasties were exchanged for a THR, one early and one late. In the replacement group six patients who primarily had a THR underwent revision surgery, three having late revision. Two patients had their hemiarthroplasties exchanged for a THR early (Table VI) . Patient-reported outcome. There was no difference between the treatment groups at follow-up at five and ten years regarding hip pain when walking, reduction of mobility because of hip problems, the need for walking aids (two crutches, a walking frame or other major walking aid), the ability to remain in pre-fracture accommodation or preoccupation with the hip fracture.
When comparing only successfully healed internal fixation with successful replacement without any major complications, a larger proportion of the fixation patients reported pain in the hip when walking and reduction of mobility because of symptoms in the hip at four months. At the later follow-up there was no significant difference (Figs 2 and 3) . Risk factors for failure. Cox regression analysis regarding gender, age, the time to surgery, the surgical approach, smoking, osteoporosis, the type of trauma and the preoperative function showed no risk factor for failure.
Discussion
This long-term follow-up of a randomised study for the management of displaced intracapsular fractures of the hip confirms the reliability of treating these fractures by replacement including better patient-reported findings in the early period. 12, 19 Furthermore, the short-and long-term mortality did not differ between the two procedures.
Replacement is not associated with excess complications such as aseptic loosening or periprosthetic fracture within ten years. This is an important finding because the possibility of the development of long-term complications has discouraged some orthopaedic surgeons from performing replacement, in particular for patients aged between 60 and 80 years. 20 The long-term results achieved in patients with osteoarthritis treated by THR cannot be extrapolated to those with fracture, since these are two very different groups of patient. 21 Before our study, only one randomised study has had a sufficiently long follow-up to address these apprehensions of the long-term complications of replacement. In 2000 Ravikumar and Marsh 10 showed a revision rate of 6.75% for THR 13 years after the fracture, and the corresponding results for hemiarthroplasty and internal fixation were 24% and 33%, respectively. The large proportion of revisions of hemiarthroplasty were most likely related to the use of the Austin-Moore prosthesis which has a documented inferior outcome. 22, 23 Failure and mortality. Virtually all the failures after internal fixation occurred early. The latest of the four late failures was diagnosed at five years. In the replacement group, five late failures were recorded and these were more evenly spread during the follow-up period. A potential need for revision after a primary replacement is easy to foresee. The risk for patients treated by internal fixation is not that obvious, but in our study the number of revisions for replacement did not differ between the groups. The mortality after hip fracture is high regardless of the method of treatment and at ten years after the fracture fewer than 25% of our patients were still alive. In a previous study one third of the women with hip fracture, regardless of age and comorbidity were alive after ten years. 24 Thus, the number of patients at risk for long-term complications is steadily decreasing. In the past, an assumption of higher mortality after replacement led surgeons to choose internal fixation despite its well-known high rate of complications. However, neither randomised, controlled trials nor meta-analysis have shown any significant differences between the treatment groups, but this fact may have been due to lack of power. 5 Nevertheless, the results of older studies may be misleading, since modern cementing techniques and improved anaesthesia have reduced early mortality. Peri-operative mortality mainly afflicts patients with pre-existing cardiopulmonary conditions. 25, 26 Thus, even if it is assumed that a very limited number of deaths may be postponed if frail patients are treated by internal fixation, this assumption should be viewed in the perspective of the better clinical outcome, including a better healthrelated quality of life during their remaining lifetime, if the hip is replaced.
1 Avascular necrosis. Three of the 31 failures attributed to avascular necrosis in the internal fixation group appeared after more than two years, but none was later than four years after the fracture. In addition, a few patients with non-specific pain gave rise to the suspicion that they had incipient avascular necrosis. They were treated by THR before the diagnosis had been confirmed, and were there- * THR, total hip replacement † some patients had more than one reduction ‡ one patient was defined as failure because of infection before the two-year follow-up, but did not undergo THR revision surgery until four years after the initial fracture fore considered to be failures. Post-traumatic avascular necrosis is anecdotally said to occur several years after the fracture, but the findings in this study indicate that as an everyday clinical routine a follow-up period of two years is sufficient. Dislocation. This was the most common major complication in the replacement group. A single dislocation which is successfully treated by closed reduction, could be considered to be a temporary setback for the patient, whereas recurrent dislocations represent an ongoing situation that in some cases lead to additional open surgery. A study by Enocson et al 27 reported that recurrent dislocations were associated with a marked decrease in the health-related quality-of-life measures because of anxiety about the occurrence of new dislocations. Patient-reported results. After the significantly inferior outcome for internal fixation at early review previously reported by Rogmark et al, 14 the results at five and ten years regarding function and pain were similar in both the internal fixation and replacement groups. Although most patients at long-term follow-up had either a healed fracture or had a secondary replacement after failed internal fixation, the latter group never achieved a better result than that of patients treated by primary replacement.
In our study, as well as in that by Keating et al, 4 patients with healed fractures did not gain a functional advantage or better relief from pain than those with uncomplicated replacements. It is important to acknowledge the significance of a hip fracture from the patient's perspective. At five years after the fracture every fifth patient is still, often or constantly thinking about their injury, this reduces to one of ten patients at ten years. Replacement seems to serve the patient better in this aspect. Bachrach-Lindström et al 28 showed less weight loss after THR than after internal fixation and Tidermark et al 13 reported less reduction in the health-related quality-of-life measures for THR than internal fixation after displaced fracture of the femoral neck. Limitations of our study. In order to ensure that the surgeons were experienced with the devices being implanted participating surgeons used the implants and surgical techniques with which they were acquainted from their regular clinical practice. This avoided any period of familiarisation but also resulted in the use of a heterogenous choice of replacement implants including the Austin-Moore and the ScanHip prostheses, both of which are no longer in use in Sweden because of inferior clinical results. 22, 23 If only implants with well-documented good results were used rates of failure would be even lower.
We conclude that replacement should remain the treatment of choice for displaced intracapsular fractures of the femoral neck and that the apprehension of long-term complications can be discarded. Since replacement leads to a better patient-reported outcome during the first year this should be the treatment of choice even for patients with a Graph showing reduced mobility because of hip symptoms (percentage of successful cases) (NS, not significant; IF, internal fixation).
short remaining life expectancy in order to achieve more efficient reduction of pain and a better health-related quality of life.
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